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Although epidural opioids frequently are used to provide post-
operative analgesia, several articles have suggested that the analgesia
after epidural fentanyl is similar to that after an eguat dose of fen.
tanyl given intravenously. To address this issue further, 2g post
thoracotomy patienG were studied in a randomized, double.blinded
trial comparing a lumbar epidural fentanyl infusion $rith an intra-
venous fentanyl infusion for analgesia, ptasma fentanyl pharma.
cokinetics, and respiratory effects for 20 h postoperatively. In all
patients in both groups, good analgesia was achieved (pain score
< 3, maximum l0) over a similar time course, although the patients
receiving epidural infusion required a significantly larger fentanyl
infusion dose than did the patients receiving intravenous infusion(group receiving epidural fentanyl infusion: l.gf t 0.48
pg.kg.t.h-r; group receiving intravenous fentanyl infusion: 1.56
* 0.36 pg. kft . h-t; P = 0.0002). The time course for the plasma
fentanyl concentrations was similar in the two groups, and plasma
fentanyl concentrations were not significantly different at any sam.
pling period (T7-T20; group receiving epidural fentanyl infusion:
1.8 t 0.5 ng/ml; group receiving intravenous fentanyt infusion: 1.6
* 0.6 ng/ml; P = 0.06). Similarln calculated clearance values for
the two groups were not significantly different (group receivingepi-
dural fentanyl infusionr 0.95 * 0.26 t'kg r.1-t. group receiving
'f Associate Professor, Department of Anesthesia, University ofTo-
ronto; Anesthetist-in-Chief, Toronto General Division, The Toronto
Hospital.
f Research Fellow, Department of Anesthesia, Toronto General
Division, The Toronto Hospital,
$ Associate Professor, Departmenr of Clinical pharmacology, Hos-
pital for Sick Children.
$ Assistant Professor, Department ofBehavioural Science and De-
partment of.Anesthesia, University of Toronto; Medical Research
Council ofCanada Fellow, Department ofPsychology, Toronto General
Division, The Toronto Hospital.
1T Research Technician, Department of Clinical pharmacology,
Hospital For Sick Children.
' Received from the Departments of Anesthesia and psychology, To-
ronto General Division, The Toronto Hospital, and the Department
of Clinical Pharmacology, Hospital for Sick Children, University of
Toronto, Toronto, Ontario, Canada. Accepted for publication May
27, I 992. Supporred by granrs from the Ontario Thoracic Society and
Janssen Pharmaceutica and by the Max Starkman Fund, The Toronro
Hospital. Prcsented in part at the Annual Meeting of the American
Society of Anesthesiologists, Las Vegas, November 1g90.
Address reprint requests to Dr, Sandler: Department ofAnesthesia,
Toronto General Division, The Toronto Hospital, 200 Elizabeth Sreet,
Room GW 2-502, Toronto, Ontario, MbG 2C4, C,anada.
intravenous fentanyl infusion: 0.87 + 0.25 l.kg-r.h-r; P = 0.3).
Both groups demonstrated a similar degree of mild to moderate
respiratory depression postoperatively, which was assessed with
continuous respiratory inductance plethysmography and sequential
arterial blood gas analysis. Side effects (nausea, vomiting, pruritus)
were mild and did not differ between groups. The authors conclude
that lumbar epidural fentanyl infrrsions are equivalent to intravenous
fentanyl infusions for postthoracotomy analgesia and that the mode
of action of a lumbar epidural fentanyl infusion is primarily through
systemic absorption. (Key words: Analgesia: postoperative. Anal-
gesics, epidural: fentanyl. Analgesics, inlravenous: fentanyl. An-
esthetic techniques: epidural.)
PertsNrs undergoing thoracotomy experience severe
postoperative pain and significant respiratory impairment
for several days postoperatively.r Epidural opioids
are extremely effective in providing postthoracotomy
analgesiar-e and improving pulmonaiy function.t Addi-
tional effects of epidural opioids include prurirus, urinary
retention, nausea, vomiting, and respiratory depression.a'5
Because of its hydrophilic nature, morphine is thought
to produce a greater incidence ofrespiratory depression
than lipophilic opioids when administered by the epidural
route.6'6 This has led to increased use of short-acting,
lipophilic opioids by epidural bolus injection and conrin-
uous infusion to control postthoracotomy pain. Fentanyl
is used wldely in this fashion and may be administered by
lumbars'?'8 or thoracic epidural cat'heters.e,l0 Although
epidural fentanyl has been shown to depress the ventila-
tory response to COz,ll,l2 there have beln few reports of
clinically significant respiratory depression.s However, a
relatively large dose is necessary when using a lumbar
catheter to provide postthoracotomy analgesia,s and there
are several reports of similar plasma concentrations
achieved when intravenous and lumbar epidural fentanyl
infusion-s were compared for postoperative pain re-
lief. le-16
These observations have brought into question the
mechanism of action of epidural fenranyl (i.e., spinal up-
tzke aersus rapid systemic absorption). This study was
conducted to compare the analgesic and respiratory efiFects
and pharmacokinetic profiles of a lumbar epidural infu-
sion uersus an intravenous infusion of fentanyl for post-
thoracotomy pain.
Materials and Methods
ParrnNr SrlncloN
Twenty-nine adult patients, ASA Physical Starus I to
3, undergoing elective thoracotomy were studied after
institutional ethics approval and written informed consent
had been obtained. Exclusion criteria were age less than
l8 or greater than 80 yr, weight greater than 100 kg,
symptomatic coronary artery disease, congestive heart
failure, poorly controlled hypertension, or significant
renal, hepatic, or cerebrovascular disease.
PnnopEnetlvE BvALUATIoN
Preoperative respiratory pattern monitoring in this pa-
tient population in our institution has demonstrated ab-
normal respiratory patterns in many patients before tho-
racotomy, in some cases bordering on sleep apnea (AP).1?
To control for preexisting respiratory dysfunction, all
subjects underwent a modified sleep study the night be-
fiore surgery, in addition to their standard preoperative
investigations. Respiratory pattern was assessed continu-
ously with respiratory inductive plethysmography (NIMS,
Miami Beach, FL) while the patients were asleep. Cali-
bration and validation-as well as its application in pre-
vious clinical studies-have been described else-
where.6'18'le Respiratory rate, episodes of slow respiratory
rate (SRR = respiratory rate less than l0 breathsr/min
persisting for more than 5 min), and episodes of AP (AP
: tidal volume of less than 100 ml for more than 15 s)
were measured continuously and recorded in 5-min
epochs. Patients were attended continuously by trained
personnel during the entire preoperative and postoper-
ative data-collection period. Respiratory pattern abnor-
malities were confirmed by analysis of real-time respira-
tory inductive plet\smography output and direct obser-
vation of the patient. Revalidation (using spirometric or
spirobag techniques) was performed several times during
the dbservation periods, and recalibration was instituted
if error was greater than 20%. Arterial blood gases (ABGs)
were drawn uia an indwelling radial artery cannula while
the patients were awake and at 2-h intervals while they
were asleep.
ANIESTHESIn
With the exception of optional vagolytic agents, the
subjects received no preoperative medication. Immedi-
ately before anesthesia, an epidural catheter was inserted
at the L2-3 or L3-4 interspace and its position verified
by injection of a 3-ml test dose followed by 5-1 ml of ZVo
carbonated lidocaine. Anesthesia was induced with sodium
thiopental and maintained with OlrlNrO and halothane
or isoflurane plus a nondepolarizing neuromuscular
blocking agent. The trachea was intubated with either a
doubleJumen endotracheal tube or a singleJumen tube
with bronchial blocker. At the conclusion of surgery,
neuromuscular blockade was reversed with neostigmine
and atropine. When the patient emerged from anesthesia
and spontaneous breathing resumed, the trachea was ex-
tubated and the patient was taken to the postanestheric
care unit (PACU). During transport and throughout the
postoperative period, subjects received supplemental 02
by mask to ensure Paors greater than 80 mmHg.
The hospital pharmacy assigned patients to one of two
groups in a double-blind randomized fashion. Identical
coded syringes ofstudy drug and placebo were supplied
by the pharmacy for each subject. Fentanyl was provided
in a concentration of l0 pg. ml-l for the infusion and 5
pg. ml-r for bolus dosing, which has been shown in a
previous study in our institution to provide good analgesia
with lumbar catheters, as well as a reasonable onset, time
for analgesia.s One group received fentanyl by the epi-
dural route and N saline intravenously (EP group),
whereas the other group was given N saline by the epi-
dural route and fentanyl inravenously (iv group). One
hour after induction, uia computerized infusion pumps
(Harvard PCA Pump, Bard, Billerica, MA), both groups
were given a fentanyl bolus of t.5 pB. tg-t 1O.a ml. kg-t),
and a fentanyl infusion of 1.0 pg.kg r.h-r (0.1
ml. kg-I . h-r) was begun aia the assigned route. At the
same time, an infusion of placebo (N saline) of identical
volume was begun by the alternate route.
Plasma samples were collected 15, 30, and 60 min after
each bolus administration, and hourly thereafter during
surgery.
PoSToPERATIVE MoNIToRING
When the patient arrived in the PACU, respiratory
inductive plethysmography monitoring was started again,
with repeat calibration performed as soon as the subject
was awake enough to cooperate. For the purposes ofdata
collection, arrival in the PACU was taken as time zero
(T0). ABG and plasma fentanyl samples were collected at
Ts, hourly for 6 h, and then every 2 h until the end of
the study, 20 h after arrival in the PACU.
Pain was assessed verbally with a numeric rating scale
(0-10)20 until the patients were recovered sufficiently to
use a lO-cm visual analog scale (VAS)2r lwithin the first
postoperative hour). Patients had been f;amiliarized pre-
operatively with both pain-rating methods. The two pain
scales have been shown to yield similar results.zo Pain as-
sessments were made when the patient arrived in the
PACU, hourly for 6 h, and then every 2 h until the end
of the study. Pain ratings also were obtained in response
to spontaneous complaints of pain, which were treated as
outlined below. Somnolence was recorded on a five-point
scale (l: oriented and initiates conversation; 2: responds
to all forms of stimulation, is well oriented but dols not
initiate conversation; 3: responds to verbal command and
painful stimulation but is disoriented and does not initiate
conversation; 4: responds to painful stimulation but not
to verbal command; 5: unresponsive to painful stimulus)
at the same times the VAS measurements were made.
Side effects (nausear vomiting, pruritus) were recorded
if present. All patients had indwelling urinary carheters.
PoSToPERATIVB PAIN Cournor
If patients recorded a VAS grearer than 8.3 and had
a somnolence score of 2 or less, an additional fentanvl
bolus of 0.5 pg. kg-t (0.1 ml. kg-t) was given by the pr!-
scribed route, and the infusion increased Uy O.Zf
pg. kg-t . h-r (0.02b ml. kg-t . h-t) while similar volumes
of N saline were given by the alternate route. This increase
was repeated as reguired, at intervals ofnot less than 30
min. If the VAS remained greater than 3.3 and the som-
nolence score less than 2 after four increases, epidural
catheter placement was reconfirmed with 2Zo lidocaine
COz, 8-10 ml. Confirmation of the correct catheter po-
sition allowed additional bolus/infusion increases if nec-
essary. The infusion was decreased with the same stepwise
procedure if patients demonstrated increased,o*nolence
(score greater than 3) or CO2 retention (paso2 > bb
mmHg) in the face of adequate analgesia (i.a., VAS
< 3.3).
AxaLysrs or PLAsMA FnxreNyl CoNcBNrRerroN
Plasma fentanyl concentrations were determined with
a commercial radioimmunoassay kit22 (fanssen Labora-
tories, Beerse, The Netherlands). In our laboratory, the
assay is sensitive to 0. t ng/ml, with intraassay and inter-
assay coefficients of variation of 6.07o and 6.g/p, respec-
tively, at 1.0 ngrlml.
PHanuecoKrNETrc AueLysrs
The clearance rate of fentanyl was calculated as the
ratio between the dose rate (pg.kg-t.6-t1 and steady-
state plasma concentration of the drug. The steady-staie
plasma concentration was defined by the mean of the first
two successive plasma concentration measurements that
differed by less than llVo afrer ar least 8 h of infusion of
an unchanged dose.
DATA ANALYSIS
All data are presented ar standard error of the mean
unless otherwise indicated. Demographic data were an-
aly1e! with unpaired two-tailed t tests for parametric
variables and chi-square analysis for nonparametric .,ari-
ables. Somnolence was analyzed with the Kolmogorov-
Smirnov test. Side effects were evaluated with chi-
. 
square analysis. VAS pain scores, episodes of Ap, SRR
episodes, ABGs, fentanyl infusion rates, and plasma con-
centration were analyzed by a two-way repeated measures
analyses of variance with the use of group as the inde-
pendent sample and time as the repeated-measurements
factor. Significant main effecrs were analyzedby post hoc
tests. Significant interaction effects were broken down into
simple main effects and further analyzed by postioc tests.
Tukey'spost ioc test was used for all posl ioc tests. Pearson
correlation coefficients were calculated between preop-
' erative and postoperative measurements of episodes of
AP and SRR. P < 0.05 was considered sisnificant in all
cases. Power analysis2s was performed on iirose variables
in which no significant between-group differences were
detected (VAS pain score, fentanyl concentration; see
Results).
Results
DEIr{ocneputcs
Twenty-nine patients were recruited: lB were ran-
domized to the EP group and 16 ro rhe iv group. All
patients were studied for the full 20 h, although I parient
in each group was excluded from postoperative ABG and
plasma fentanyl analysis because of a lack of arterial access.
The two groups were equivalent in terms of gender,
habitus, and particulars of surgery (table 1), as well as
preoperative ABGs and respiratory variables.
Aruelcmn
AII l3 patients in the EP group required bolus/infusion
increases (mean number of increases = A,4),whereas l0
of 14 patients in the iv group required bolus/infusion
increases (mean number of increases : 4.0) (not significant
[NS] for numbers of patients in each group or number
of bolus/infusion increases). During the study, in 6 pa-
tients in the EP group and 5 patients in the iv group (NS),
the infusion had to be decreased in a stepwise fashion
only once, as described above, because of a somnolence
score greater than 3 or Pase, greater than 55 mmHg.
Despite the fentanyl dosing by the two routes intraoper-
TABLE l. Patient Group Characteristics
Age (yr)
Maler/female
Weight (kg)
Height (cm)
59*r5
e/4
Tltll
168 t t9
203 f 67
Values are mean a SD. The differences are not significant.
6ltt3
8/8
69i13
163 t t0
200 r 52
atively, the VAS was relatively high in the early PACU
period (fig. 1). There were no significant between-group
differences in VAS for the entire postoperative data-col-
lection period (P = 0.79; power = 0,57, i.a, probability
of detecting a difference in pain if a difference existed
between the epidural and intravenous routes).28 With this
model of increasing fentanyl infusion in a stepwise manner
every 30 min, if required, adequate analgesia (VAS
< 3.3) was achieved slowly, between 4 and 6 h after Te
fior both groups (nS. l).
RESPIRAToRV Errncrs
Episoda of Sleep Apnea
There was no difference in the AP rate between the
two groups during the preoperative monitoring period
(EP group: 1.6 J 0.6 AP episodes/h; iv group: 1.9 + 0.6
AP episodes/h; NS). The overall mean poscoperative rate
of AP episodes was 10.7 + 1.8 AP episodesr/h for the EP
group and 6.3 + 0.7 AP episodes/h for the iv group (NS).
Four patiens in the EP group and five patients in the iv
group had a mean AP rate of less than I AP episode/h
postoperatively, whereas four patients in the EP group
and five patients in the iv group had an AP rate of grearer
than l0 AP episodesr/h postoperatively, respectively (NS).
There were significantly more within-group AP episodes
in the EP group postoperatively when compared with
preoperative data starting at postoperative hour 7 and
concluding with the end of the study (P = 0.04) (fiS. 2).
Similarly, there were significant within-group differences
between preoperative and postoperative AP rates in the
iv group for the entire postoperative period (P = 0.02).
Between postoperative hours 14 and 17, the EP group
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Ftc. l. Pain score (VAS) for both groups. The time course of post
operative analgesia showed no significant between-group differences.
had a significantly higher AP rare than the iv group (p
= 0.001) (fiS. 2). In addition, rhere was no significant
correlation between the preoperative AP rate and post-
operative AP rate for any parient in both groups.
Slovt Rupi,ratory Rate
There were no between-group differences in preop
erative SRR episodes, which were uncommon in this study
(EP group: 0.02 + 0.01 SRR episodes/h; iv group: 0.4
t 0.2 SRR episodesr/h). Within-group analysis for the EP
group showed a significantly higher hourly rate of SRR
episodes postoperatively, from hour 10 onward (P
= 0.0002) (fiS. 3). Similarly, the iv group had a signifi-
cantly higher rate of SRR episodes from hour 7 onward
postoperatively (P : 0.00?)(fiS. 3).Between-group anal-
ysis demonstrated a higher rate of SRR episodes in the
EP group postoperatively, although this was significant
only at hour 15 (P = 0.001) (nS. 3).
ARrnnw BLooD GAsEs
The EP and iv groups were similar in both pH (P
: 0.28) and Pass, (P = 0.87) during the preoperative
monitoring period (fig. 4). Both groups had a significantly
decreased/H postop€ratively for the duration of the study
(P = 0.0001). The iv group had a significantly lower post-
operativepH than the EP group between hours I and 3
(P : 0.05) (fig. 4). Similarly, both groups had significantly
higher postoperative Pase* compared with preoperative
values for the entire study (P = 0.0001) (nS.a), Between-
group analysis showed significantly higher Pas6rs in the
iv group only at hour I postoperatively (P = 0.08)
(fis'4).
SotvrNoLsNcn'
In general, patients scored between 0 and 2 for som-
nolence during the study. There was no difference in
somnolence scores between the two groups at any time
postoPeratively.
PHARMACoKINETIcS
Two hundred eighty-seven blood samples were col-
lected for the plasma fentanyl assay for both groups. In-
fusion rates (fig. 5) and fenbnyl concentrations (fig. 6)
reached fairly stable levels approximately 8 h postoper-
atively for both groups. Between 8 and 20 h postopera-
tively, the mean plasma fentanyl concentration was similar
at l.B t 0.5 ng,/ml for the EP group and 1.6 t 0.6 ngrl
ml for the iv groupr respectively (P = 0.064; power
= 0.54, i.a,, probability of detecting a between-group dif-
ference in fentanyl concentration ifa difference existed
between epidural and intravenous route)23 (fig. 6). The
analysis of variance showed a significant interaction (P
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Ftc. 2. Apneic episodes (Aprlh) for both groups. Significant between.
group differences occurred at hours 14-17 ('tP < 0.05, betrveen
groups).
= 0.0002) between infusion rares, wirh the EP group re-
quiringa higher infusion rare (1.95 + 0.45 pg. kg-t .6-t;
than the iv group (1.56 + 0.36 pg. kg-t . fr-) after hour
8.5 (ng. 5). The fentanyl clearance after inrravenous use
was 0.87 t 0.25 l. kt-t . h-r and was notsignificanrly dif-
ferent from that calculated for the EP group (0.g5 + 0.26
l. tcg-t .6-t1.
SIDE Errncrs
There were no significant between-group differences
in the incidence of nausea and vomiting (EP group: four
o2468101214161820
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Ftc. 3. Slow respiratory rate (SRR/h) for both groups. Berrveen-
group differences occurred only at hour 15 1*p a 0.0b, between
groups).
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FIc. 4. ABG results postoperatively. pa66, was increased and pH
decreased significantly at all times postoperatively retative to pr"Lp
erative measurements, but there were only minor between.group sii-
nificant differences (*P < 0.05, between group6).
cases; iv group: two cases) or pruritus (Ep group: one
case; iv group: three cases). All side effects were mild in
nature and easily treared. All patients had indwelling uri-
nary catheters for 24 h postoperatively.
Discussion
This study compared two administration routes for
fentanyl (intravenous or lumbar epidural) when used as
a postthoracotomy analgesic opioid. The study design was
controlled rigidly and followed a randomized, double,
blind formar. With this regimen, atl patients achieved
highquality analgesia, the primary end-point. The current
results demonstrate that comparing fentanyl administra-
tionaia a lumbar epidural carheter with that uia an infia-
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Ftc. 5. Fentanyl infusion rates postoPeratively. The epidural group
required a significantly higher infusion rate at plateau.
venous infusion and regulating the increment^ecrement
of the dose in exactly the same fashion for both produced
the following features: First, the analgesic profiles ap-
peared to be similar (fig. 1), indicating that the adminis-
tration route was not imPortant for the onset and mainte-
nance of analgesia. Second, the adherence to a 30-min
interval between additional fentanyl boluses and infusion
increases may have delayed the onset of high-quality an-
algesia for both groups in the PACU. Thus, larger bolus
doses andrlor larger stepwise increases in infusion rate
may have shortened the onset of analgesia. Third, there
were no significant between-group differences between
plasma fentanyl concentrations at any sampling period
during the postoperative period (fig. 6), although this re-
quired higher infusion rates for the EP group (fig. 5).
Fourth, the primary adverse effect, respiratory depression,
as measured by CO2 retention and respiratory pattern
abnormalities, was similar for both the iv and EP groups.
ANALGESIA
This study has demonstrated that lumbar epidural fen-
tanyl given by bolus/infusion produces a similar analgesic
profile in postthoracotomy patients as inravenous fen-
tanyl given by the same bolus/infusion regimen but re-
quires a significantly increased epidural dose. Several
other studies, in which epidural fentanyl was given by
bolus dosing alone or bolus plus infusion regimens, have
demonstrated effective postthoracotomy analgesia irre-
spective of catheter placement at the lumbars'7'z4 or tho-
racic segmenB.s'10'24'25 In a retrospective study, Mackersie
a, aI.8 found lumbar epidural fentanyl infusions to be an
effective analgesic regimen for blunt chest trauma re-
sulting in multiple rib fractures.
Several controlled studies have compared intravenous
with epidural fentanyl infusions for pain relief and phar-
macokinetic analysis in different surgical popula-
tions.?'10'le'14'16 In a randomized, blinded study, Loper el
al.r{ administered fixed-dose infusions of fentanyl (100
pg/h) either epidurally (lumbar catheter) or intravenously
to patients after anterior cruciate ligament repair per-
formed while the patients were under epidural anesthesia.
The fixed-dose infusions were supplemented with 50-pg
doses of fentanyl, either epidurally or intravenously, when
requested by the patient. There were no significant dif-
ferences in pain scores at l8 h postoperatively, although
other time periods were not reported. Also, there were
no differences between the number of supplementary
doses requested by each group or the incidence of side
effects (pruritus, nausea, urinary retention). In a similar
randomized, blinded study, Ellis et al. re compared lumbar
epidural fentanyl infusions and intravenous infusions after
cesarean sections for 24 h postoperatively. In most of the
patients in the two groups, similar analgesic effects were
achieved 12 h after the infusions were started, although
there were three patients in the group receiving intra-
venous infusions who were eliminated from the study be-
cause of inadequate pain control at the highest permitted
infusion rate. Glass et al,ro used a double-blind crossover
design to compare lumbar epidural fentanyl with intra-
venous fentanyl in patients after lower-extremity or ab-
dominal surgery for 12 h postoperatively. Patients self-
administered fentanyl, using patient-controlled analgesia
(PCA) pumps. Sixty minutes after the procedure was fin-
ished, analgesia was equivalent in both groups and was
not affected by group crossover 6 h postoperatively.
Two studies have specifically addressed patients post-
thoracotomy: Salomaki et al,to compared epidural (tho-
racic catheter) and intravenous infusions offentanyl after
thoracotomy in a randomized, double-blind trial. As in
02468101214161820
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Ftc. 6. Plasma fentanyl concentration postoperatively. Analgesic
plasma fentanyl levels were achieved by both groups. There tvere no
signifi cant between-group differences,
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our study, fentanyl by both routes was titrated to produce
equivalent analgesia. With the use of a thoracic catheter,
there were significantly lower fentanyl requirements and
Iower plasma fentanyl concentrations in the group re-
ceiving epidural administration. In addition, there were
fewer side effects in this group. Using a randomized dou-
ble-blind trial, Grant et al.7 compared PCA plus infusions
of fentanyl administered uia a lumbar epidural carheter
or intravenously after thoracotomy. Infusion dosing was
increased to achieve maximum analgesia in all patients(ia, minimal PCA use) and then decreased once adequate
analgesia was achieved. Over the 20-h postoperative data-
collection period, all patients achieved highquality an-
algesia with no significant between-group differences.
However, fentanyl infusion r?tes were significantly lower
in the group receiving epidural infusion.
PseRuecoKINETrcs
Dosage Requirements
With epidural administration, it is difficult to compare
dosage requirements between studies because experi-
mental regimens differ and the amounts (if any) of pre-
operative or intraoperative opioid used are different; these
factors also may influence postoperative analgesia. In ad-
dition, the fentanyl concentration used (and thus the vol-
ume-of diluent) differs in many of the studies (e,g., Loper
et al.ta usedafentanyl concenration of 25 pg. ml:r [boius]
and 50 1rg. ml-l [infusion], whereas othei investigatori
used concentrations of 10-15 Fg . ml-tr,z,to;.
In the two postthoracotomy controlled studies, Salo-
maki at a/.r0 used an epidural fentanyl concentration of
12.6 pg, ml-l and Grant et al,7 used,'a concentration ofl0 pg.ml-r. We used fentanyl concentrations of b
pg. ml-r for bolus dosing and l0 &g. ml-t for infusion,
which are similar to those used by Salomaki et al,to and
Grant et al,? The steady-state lumbar epidural dosage re-
quirements for fentanyl (1.9 rrg. kg-t . h-r) observed in
the current study are higher than fentanyl doses required
when thoracic catheters are used after thoracic or ab-
dominal surgery.e'10'24 For example, the study by Salomaki
et al,ro demonstrated that good analgesia wai achieved
with thoracic catheter placement and an epidural infusion
rate of 0.95 pg. kg-t . h-r, which was approximately half
that required with a lumbar carheter in this study. In ad-
dition, for postoperative analgesia supplied by lumbar
epidural fentanyl infusions or epidural pCA for
procedures involving lumbar dermatomes (orthopedic
surgeryl{'16 and abdominal surgeryls'26), Iower dosages
have been required. Postthoracotomy analgesia provided
by lumbar epidural fentanyl administered by pCA/in-
fusion also was associated with reduced dose require-
ments.T
- 
The steady-state requirements for good analgesia with
the intravenous infusion of fentanyl in this siudy (1.6
$. kq-t . h-l)^y_"f very similar to those quoted by'other
investigatorslo,2T-2e after various forms bf surgiry, in-
cluding thoracoromy and abdominal and orthopedii pro-
cedures. However, in studies in which pCA was used
alonel6 or in combination rvith an infusion,T considerablv
lower intravenous dose requirements were recorded.
PLesua CoucnNtn.e,rroN
The results of the current study show that administra-
tion of fentanyl by the lumbar epidural or intravenous
route produced identical analgesic effects and similar (no
significant differences between groups) plasma fentanyl
concentration curves. These results confirm findings of
similar less-intensive studies by Loper et al,ra in orthopedic
patients and Ellis el aL le in patients after cesarean section,
both of which used minimal plasma sampling data. How-
ever Ellis et al.rs removed three patientii.t tn. group re-
ceiving intravenous administration because of inidequate
analgesia at the maximum dosage level; retention of these
patients may have resulted in higher plasma concentra-
tions in the,group receiving intravenous administration.
Glass et al.ro also found between-group plasma fentanyl
concentrations to be similar in their study, which com-
pared epidural PCA fentanyl with intravenous pCA fen-
tanyl after abdominal and lower limb surgery. In contrast
to observer-controlled fentanyl infusion studies, much
lower dose requirements and plasma concentrations were
recorded in those studies in which pCA was used.l6 The
levels and time course of the plasma fentanyl concentra-
tions found. after epidural adminisration in this study
w^ere very similar to those observed in our earlier study
of patients postthoracotomy,s although other reports of
plasma fentanyl concentrations after epidural administra-
tion (usually as a constant infusion) have varied widely
from undetectable levels to 4-b ng/ml.r0,lt,te-rb 11o*"u.r,
plasma fentanyl concentrations in our iv group were very
similar to results from other studies investigating intra-
venou.s 
.lglgnyt infusions for posroperative anal-
gesi2. I o'll'zz-zs
Cr_nAnaNcu
Our values for fentanyl ctearance are similar to those
cafculated by Duthie et al.,2e Varvel et a1.,30 and Mctain
and Huger for patients undergoing a variety of surgical
procedures. In addition, the clearance rate after intra-
v€nous or epidural use also was similar, indicating that
the systemic bioavailability of the epidurally administered
fentanyl tends to be complete, wirh essentially all drug
reaching the systemic circulation to achieve a steady stati
comparable to that observed after intravenous adminis-
tration.
REsprRAToRy DEpREssroN
In this study, continuous electronic monitoring of re-
spiratory pattern with constant attendance by a trained
observer and intermittent ABG sampling was used to de-
fine respiratory depression. Mild to moderate respiratory
depression occurred in both the EP and iv groups post-
operatively, although the EP group had a significantly
higher rate of episodes of AP and SRR in the later time
periods of the study. However, the EP group had signif-
icantly lower Paser, and significantly higher pH values
early in the postoperative period. In addition, respiratory
depression was increased significantly in both groups in
relation to preoperative findings. Clinically significant re-
spiratory depression rarely has been reported after epi-
dural fentanyl.s Although sensitive tests of respiratory
depression such as CO2-response curves have demon-
strated respiratory depression after a bolus dose of 900
pg of epidural fentanylrz and after an epidural bolus of
I trg/kg followed by an infusion of t pg. kg-r . h-r, this
was not of clinical significance, Nonetheless, clinically sig-
nificant respiratory depression definitely can occur with
epidural fentanyl, especially if dosage requirements are
increased rapidly.e
The published controlled studies comparing epidural
with intravenous fentanylT'21'26'26 had differing results re-
garding respiratory depression, Loper et al.ra relied on
hourly respiratory r?te to detect respiratory depression,
which may be unreliable,s'o but recorded no respiratory
rate < 8 breathsr/min in any patient. Ellis el al.le measured
end-tidal CO2 concentrations frequently during the post-
operative period and reported no evidence ofrespiratory
depression in the groups receiving epidural or intravenous
administration. In contrast, Salomaki et al.ro recorded a
407o incidence of SRR episodes in their group receiving
intravenous administration and, LSVo in the group receiv-
ing epidural adminisration. Respiratory rate presumably
was measured by direct observation, although measure-
ment intervals were not specified clearly. In addition, the
incidence of hypercapnia and severe respiratory insuffi-
ciency was significantly higher in the group receiving in-
travenous administration. Grantet al.1 found no difference
in between-group Pa6eos or intermittent respiratory rates
in their postthoracotomy study.
Cr,rNrcnu Slcr{rnrcaNcs
This srudy provides strong evidence that lumbar ad-
ministered epidural infusions of fentanyl required for se-
vere postoperative pain after thoracotomy act primarily
uia a systemic reabsorption route because similar analgesic,
pharmacokinetic, and respiratory effects were produced
when compared with the intravenous route. The study
by Salomaki et al.ro provided important evidence that the
siting of the epidural catheter is critical for the action of
epidural fentanyl. With thoracic placement, the dose re-
quirements and plasma concentration are decreased sig-
nificantly, although the plasma concentration is still high
enough to contribute significantly to any analgesic effect.
It is also of interest that, when lumbar epidural fentanyl
is administered by PCA and infusion for postthoracotomy
analgesia, signifrcantly lower dose requirements were seen
in contrast to those in a-group treated similarly by intra-
venous administration.? These findings, reported by
Grant el a1,,7 are in direct contrast to those reported here
and may represent better control or prevention ofcentral
nervous system sensitization theorized to occur in the spi.
nal cord in response to the afferent noxious input.s2 Thus,
the ability of PCA to respond much more rapidly than
the fixed protocol we used may have prevented "up-reg-
ulation" of the spinal cord analgesic pathways.se The lack
of plasma sampling in the study by Grant et aJ.,? however,
precludes discussion of mode of action when PCA epidural
fentanyl is used after thoracotomy. However, Glass el al.16
provided good evidence that PCA epidural fentanyl and
PCA intravenous fentanyl are equivalent when used after
abdominal or orthopedic surgery. It is of note that the
dose requirements and plasma concentrations in their
study were decreased significantly as well. After epidural
bolus injections of I pg. kg r, fentanyl has been shown
to appear in lumbar cerebrospinal fluid in quantities high
enough to produce analgesia and migrate cephalad to the
cervical cerebrospinal fluid.3{ However, evidence from
animal experiments has indicated that lipid-soluble opioids
have significantly decreased potency when given epidu-
rally, probably because of accumulation at nonspecific
binding sites in white matter.ts This nonspecific binding
of fentanyl in the spinal cord, possible fentanyl uptake by
dural fat tissues, and systemic reabsorption of the drug,
when fentanyl is given as an epidural infusion, are possible
reasons for the significantly higher epidural dose require-
ment and high plasma concentrations associated with an-
algesia in our study.
In conclusion, the data from this study support the
concept that epidural fentanyl given by an observer-con-
trolled infusion acts primarily by systemic reabsorption
to provide postoperative analgesia and, therefore, pro-
vides little advantage over an intravenous fentanyl infu-
sion.
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